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ABSTRACT
Context. The CoRoT mission, a pioneer in exoplanet searches from space, has completed its first 150 days of continuous observations of ∼12 000
stars in the galactic plane. An analysis of the raw data identifies the most promising candidates and triggers the ground-based follow-up.
Aims. We report on the discovery of the transiting planet CoRoT-Exo-2b, with a period of 1.743 days, and characterize its main parameters.
Methods. We filter the CoRoT raw light curve of cosmic impacts, orbital residuals, and low frequency signals from the star. The folded light curve
of 78 transits is fitted to a model to obtain the main parameters. Radial velocity data obtained with the SOPHIE, CORALIE and HARPS spectro-
graphs are combined to characterize the system. The 2.5 min binned phase-folded light curve is affected by the effect of sucessive occultations of
stellar active regions by the planet, and the dispersion in the out of transit part reaches a level of 1.09×10−4 in flux units.
Results. We derive a radius for the planet of 1.465±0.029 RJup and a mass of 3.31±0.16 MJup, corresponding to a density of 1.31±0.04 g/cm3. The
large radius of CoRoT-Exo-2b cannot be explained by current models of evolution of irradiated planets.
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1. Introduction
The search for transiting extrasolar planets is entering a
new era with the first dedicated space-based project CoRoT
(Baglin et al., 2006). Launched in December 2006, it continu-
ously monitors around 12 000 stars per observing run, with du-
rations of ∼30 days for the short runs and ∼150 days for the long
runs. CoRoT circumvents the main limitations of ground-based
transit searches, i.e., the effects of the Earth atmosphere and the
reduced observing duty cycle. Since February 2007, CoRoT has
been producing high quality light curves, whose first analysis
is very promising (Auvergne et al., in preparation). Barge et al.
(2008) reported on the discovery of the low density transiting
planet CoRoT-Exo-1b, the first transiting planet detected from
space, during the first observing run of the mission.
CoRoT-Exo-2b is the second confirmed transiting planet dis-
covered by CoRoT. In this work, we report on its early detection
by the application of the alarm mode to the raw data, and esti-
mate its orbital and physical parameters from an analysis of the
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CORALIE, and HARPS spectrograph at ESO La Silla Observatroy
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CoRoT phase-folded light curve and the radial velocity observa-
tions taken with different spectrographs.
2. Observations
The first long run of CoRoT, which pointed towards the galac-
tic center direction, started on May 16th, 2007 and ended on
October 15th, constituting of a total of 152 days of almost-
continuous observations. CoRoT-Exo-2b was identified as a
planetary candidate by the alarm mode, which is aimed at iden-
tifying a reduced number of stars (500 out of 6000 in each of the
2 CCDs) for which the sampling rate is changed from 512 sec to
32 sec. For the first long run, this operational mode of CoRoT
worked with raw data in “white” light, to minimize the time
delay between the observations and the detection of the transit
planet candidates. The quality of these data is such that we were
able to easily detect Jupiter-sized transiting objects, and trigger
follow-up observations while CoRoT was still acquiring data.
This was the case for CoRoT-Exo-2, whose radial velocity and
ground-based photometric follow-up started in July 2007.
The star showed an apparent close companion (4′′) to the
main target, 3.5 mags fainter in V . Follow-up photometry from
different sites (Wise Observatory 1 m telescope in Israel, IAC-
80 cm telescope in Spain, and TLS-2 m in Germany), with higher
spatial resolution than the CoRoT masks, verified that the tran-
sit signature was produced on the brightest star, thus minimizing
the possibility of a confusion with a background eclipsing bi-
nary. An examination of the BEST (Rauer et al., 2004) archived
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observations on the CoRoT fields showed a transit event in July
2005 that served to refine the early ephemeris used to plan the
different follow-up efforts.
3. Analysis of the CoRoT light curve
The alarm data of CoRoT-Exo-2b consist of ∼369000 flux mea-
surements with a sampling of 512 sec for the first week of data,
and 32 sec for the rest of the run. These data were corrected
for the CCD zero offset and gain. The contribution of the back-
ground light was estimated and corrected with a window con-
taining 100 pixel and located close to the target.
To detect and eliminate the outlier data points, caused mainly
by the crossing of the SAA (South Atlantic Anomaly), we sub-
tracted a moving-median filtered version of the light curve and
discarded the points at distances greater than 3.3-times the dis-
persion of the residuals. This way, 6.2% of the data were re-
jected, achieving a duty cycle of ∼93.6%.
A faint orbital signal (with a period of 1.7 hours) is expected
due to the rough correction applied to the data. We calculated
this remaining signal by folding the light curve with the orbital
period between -25 and 25 orbits around each j-th orbit of the
satellite, and by applying a median filter to this folded light
curve. The resulting signal is then subtracted from the portion
of the light curve acquired during the j-th orbit.
The star shows a close neighbour that falls completely in-
side the CoRoT mask. To estimate the fraction of flux that
comes from this star, we used the magnitudes from the EXODAT
database of CoRoT sample stars (Deleuil et al., in preparation),
the modelled spectral distributions of Pickles (1985), and the
filter responses of the different bandpasses used to obtain the
EXODAT magnitudes. With these ingredients, we constructed
a model of two stars that reproduces the observed differences
in colors. Interestingly, this scaled model is consistent with a
late-K or early-M type companion star (J-K=0.84) located at
the same distance as CoRoT-Exo-2, and thus possibly gravita-
tionally bound, as has been found for other transiting planets
(Bakos et al., 2006). We integrated the scaled model into the
CoRoT response function, and obtained a fraction of flux of
5.6±0.3%. This fraction of the median value of the light curve
was subtracted from the data, and the light curve was finally nor-
malized by its median value, which is of 711000 (e−/32s).
The final light curve (Fig. 1) shows a total of 78 transits, em-
bedded in a flux that exhibits periodic variations of the order of
a few percent at several periods between 4.5 and 5 days, due to
the presence of spots on the stellar surface. An analysis and in-
terpretation of these variations is out of the scope of this paper,
and will be presented elsewhere. To minimize the effect of this
low frequency modulation on the estimation of the transit pa-
rameters, we performed a parabolic fit to the regions before and
after each transit, and corrected the transit and its neighbourhood
for this slope. We note that a simple linear fit did not properly re-
move the stellar variations, while higher order polynomials up to
order 5 gave results consistent with those reported below. We es-
timated the ephemeris from a linear fit to the measured times of
transit centers. Finally, we folded the data using this ephemeris,
eliminated a few outliers (1% of the remaining data points) with
a procedure similar to that explained above, and binned it with a
bin size of 0.001 in phase, corresponding to ∼2.5 min. The error
bars on each bin were estimated as the standard deviation of the
N-points inside the bin divided by the square root of N. The av-
erage 1-sigma error bar outside of the transits is 7×10−5 (the ex-
pected precision for photon noise limited data, using this bin size
and the median value of the flux reported above is 6×10−5), ris-
ing to around 1.2×10−4 inside the transits. This larger dispersion
inside the folded transit is due to the presence of inhomogeneties
(spots) on the star surface, as has been noted for other transiting
planets around active stars (Charbonneau et al. 2007 for TrES-
1, Pont et al. 2007 for HD189733). As the rotation period of the
star and the orbital period of the planet are different, the signal
of the many occultations of spots by the planet is averaged in the
folded light curve.
The transit was fitted to a model using the formalism of
Gime´nez (2006). To find the solution that best matches our
data, we minimized the χ2 using the algorithm AMOEBA
(Press et al., 1992). The fitted parameters were the center of the
transit, the phase of start of the transit θ1, the planet to star radius
ratio k, the orbital inclination i and the two non-linear limb dark-
ening coefficients1 u+ = ua + ub and u− = ua − ub. To estimate
the errors in each of the parameters we performed a bootstrap
analysis with several thousand different sets of data, allowing
for variations on the initial fitting parameters and taking into ac-
count the uncertainty on the fraction of the flux that comes from
the close companion. To build each set, we: 1) subtracted the
best solution to the data, 2) re-sorted a fraction of the residu-
als (1/e∼37%) and 3) added the subtracted solution in 1) to the
new residuals. The errors were then estimated as the standard
deviation from the fitted parameters. We also considered the ef-
fect of correlated flux residuals, by allowing the data to move as
a whole by 2×10−4 in flux and repeating the fits, following the
approach of Pont et al. (2007). The results, reported in Table 1,
show a compromise between the two methods. The phase folded
light curve, the best fitted solution and the residuals around the
fit are shown in Fig. 2.
The standard deviation of the residuals outside the transit
phase is 1.09×10−4, which indicates the presence of uncorrected
noise at a level of a few 10−5. This noise is expected to be fur-
ther reduced in future improvements to the CoRoT pipeline, in
particular by the inclusion of a correction for the satellite jitter.
4. Radial velocities
Radial velocity observations of CoRoT-Exo-2 were performed
in July 2007, at the 193cm telescope of the Observatoire
de Haute Provence, France, with the SOPHIE spectro-
graph (Bouchy & The Sophie Team, 2006), and from La Silla
Observatory (Chile) using both the 1.2 m Swiss telescope with
the CORALIE spectrograph (Queloz et al., 2000), and the 3.6 m
telescope with the HARPS spectrograph (Mayor et al., 2003).
Data reduction was performed with similar pipelines for the
three spectrographs. A cross-correlation function (CCF) with a
mask corresponding to a G2 star was calculated. The mean po-
sition, width, contrast, and bisector span of the cross-correlation
function were then measured. A correction for Earth motion was
also applied. In total, 11 measurements of the system were per-
formed with SOPHIE, 3 with CORALIE and 12 with HARPS,
spanning 83 days. Knowing the planet ephemeris, we could
optimize the epoch of the measurements in order to cover all
phases. In some measurements, the Moon signature in the cross-
correlation function was identified, without a need to correct
1 We used a quadratic law for the limb darkenning, given by I(µ) =
I(1)[1− ua(1− µ)− ub(1− µ)2], where I is the distribution of brightness
over the star and µ is the cosine of the angle between the normal to
the local stellar surface and the line of sight. The use of u+ and u− is
a better choice to avoid correlations between the two limb darkening
coefficients ua and ub, as described in Gime´nez (2006).
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Fig. 1. Normalized flux of the CoRoT-Exo-2 star, showing a low frequency modulation due to the presence of spots on the stellar
surface, and the 78 transits used to build the phase-folded transit of the Figure 2. For clarity purposes, data have been combined in
64-points bins (∼34 min).
Fig. 2. Normalized and phase folded light curve of 78 transits of
CoRoT-Exo-2b (top), and the residuals from the best-fit model
(bottom). The bin size corresponds to 2.5 min, and the 1-sigma
error bars have been estimated from the dispersion of the points
inside each bin. The residuals of the in-transit points are larger
due to the effect of successive planet occultations of stellar active
regions.
its contribution since the velocities were distant enough (more
than 30 km/s). The radial velocities are given in Table 2, and
the phase folded radial velocity measurements are plotted in
Figure 3. The radial-velocity points obtained show a variation
in phase with the ephemeris derived from the CoRoT lightcurve.
To fit these measurements, we applied a radial velocity shift be-
tween the different spectrographs (the values are displayed in
Figure 3). The epoch and period of the transit were then fixed
to the CoRoT values. Due to the very short period, we first as-
sumed zero eccentricity. The semi-amplitude of the radial ve-
locity variation and the mean velocity were then adjusted to the
data. We repeated the fit with a free eccentricity, resulting in an
Table 1. Parameters of the CoRoT-Exo-2 system. One-sigma
errors are given, when relevant, in the last column. a) From
Bouchy et al. (2008). b) Zero albedo equilibrium temperature
Star CorotID 0101206560
RA (J2000) 19h27m06.5s
Dec (J2000) 1◦23′01.5′′
Vmag 12.57
Obtained from the CoRoT photometry
Value Error
P [d] 1.7429964 0.0000017
Tc [BJD] 2454237.53562 0.00014
Fitted
θ1 0.02715 0.00008
k = Rp/Rs 0.1667 0.0006
i [deg] 87.84 0.10
u+ 0.471 0.019
u− 0.34 0.04
Deduced
ua 0.41 0.03
ub 0.06 0.03
a/Rs 6.70 0.03
a/Rp 40.3 0.3
M(1/3)s /Rs 1.099 0.005
Photometry, spectroscopy and radial velocity combined
V0 [ km/s] 23.245 0.010
K [ km/s] 0.563 0.014
e 0 (fixed)
Ms [M⊙] 0.97 0.06
Rs [R⊙] 0.902 0.018
v sin i [km/s]a 11.85 0.50
Te f f [K]a 5625 120
Mp [MJup] 3.31 0.16
Rp [RJup] 1.465 0.029
ρp [g/cm3] 1.31 0.04
Teq [K] b 1537 35
orbit compatible with zero eccentricity (e=0.03±0.03). The final
solution is displayed in Table 1; the observed minus computed
(O−C) residuals have a standard deviation of 56 m/s. This is sig-
nificantly larger than the noise on individual measurements, and
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Fig. 3. Phase folded radial velocity measurements of CoRoT-
Exo-2, together with the final fitted semi-amplitude (K) and the
applied offsets between the instruments. Filled circles: SOPHIE,
open circles: HARPS, open triangles: CORALIE. In the bottom
panel, the total span of the CCF bisectors, as measured in the
HARPS spectra.
consistent with the expected effect of stellar activity, as described
in Bouchy et al. (2008). The semi-amplitude of the radial motion
is large (K=563 m/s) due to the large planetary mass and very
short period. These measurements thus establish the planetary
nature of the transiting body detected by CoRoT and reject other
interpretations such as a grazing or background eclipsing binary,
or a triple system. The bisector of the CCF, plotted in Figure 3,
shows no correlation of the spectral line shapes with the orbital
period. Finally, the observation of the Rossiter-McLaughlin ef-
fect by Bouchy et al. (2008) confirms the planetary nature of
CoRoT-Exo-2b, as no triple system or blend could reproduce
such a well-identified radial-velocity anomaly.
5. Stellar and planetary parameters
From the fit to the folded light curve, we can measure with high
precision the ratio M1/3s /Rs, and thus obtain a good estimation of
the stellar radius once an estimation of its mass is given. The un-
certainty on the stellar mass determination thus limits our knowl-
edge of the stellar and planetary radii (as was the case in other
space-based observations of transits, such as Brown et al. 2001
or Pont et al. 2007). Assuming a mass of 0.97±0.06M⊙ (Bouchy
et al. 2008), we obtain a stellar radius of 0.902±0.018 R⊙. This
translates into a planetary mass of 3.31±0.16 MJup, a planetary
radius of 1.465±0.029RJup and thus a planetary mean density of
1.31±0.04 g/cm3.
Using models of the evolution of irradiated planets (Guillot,
2005), CoRoT-Exo-2b appears once again to be anomalously
large: its radius is about 0.3RJup larger than expected for a
hydrogen-helium planet of this mass and irradiation level.
However, contrary to most planets discovered to date, standard
recipes to explain this large radius (heat dissipation in the inte-
rior or increased opacities) yield only a ∼0.15RJupincrease, and
thus are not sufficient. Larger deviations from the standard mod-
els (e.g. very large tides) or effects that may alter the radius deter-
mination (e.g. large brightness variations of the stellar surface)
should be studied.
Due to its short orbital radius and the high mass, both the
star and the planet exchange strong tidal forces. The Doodson
constants for the star and the planet, a measure of the magni-
tude of the tidal forces, are of the same order of magnitude as
for OGLE-TR-56b and confirms that this system is a good can-
didate for the study of the evolution of the system under tidal
interactions. As the orbital period (1.7 days) is shorter than the
stellar rotation period (4.5-5 days), the planetary rotation should
be synchronized, and the orbit should decay due to tidal effects
(e.g. Pa¨tzold & Rauer 2002).
A thorough interpretation of the light curve, which requires a
detailed modelling of the effects of the stellar activity onto both
the global star luminosity and the luminosity during transits, will
provide an unprecedented view of the star-planet interactions.
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Table 2. Radial velocity measurements of CoRoT-Exo-2 ob-
tained by SOPHIE (S), CORALIE (C) and HARPS (H). The ra-
dial velocity shifts between the different spectrographs are not
included.
BJD RV Uncertainty Instr.
- 2400000 [km s−1] [km s−1]
54295.48408 22.667 0.017 S
54296.49214 23.700 0.015 S
54298.46418 23.341 0.026 S
54298.48626 23.285 0.027 S
54298.58797 23.023 0.030 S
54303.44629 23.706 0.048 S
54304.51991 23.005 0.063 S
54308.55172 23.820 0.019 S
54309.53356 22.585 0.020 S
54313.45013 23.461 0.019 S
54314.44185 22.684 0.027 S
54329.67560 23.665 0.045 C
54330.66442 22.842 0.039 C
54378.56018 23.339 0.032 C
54345.52251 23.371 0.020 H
54345.52981 23.371 0.019 H
54345.53713 23.392 0.018 H
54345.54444 23.360 0.018 H
54345.55176 23.347 0.019 H
54345.65632 23.107 0.019 H
54345.66364 23.090 0.019 H
54345.67095 23.034 0.020 H
54346.53194 23.267 0.021 H
54347.57772 22.847 0.011 H
54348.63260 23.811 0.011 H
54349.66605 22.813 0.012 H
